Aim: To evaluate the effect of neoadjuvant hepatic arterial infusion chemotherapy (HAIC) on the survival of patients with resectable hepatocellular carcinoma (HCC).
INTRODUCTION
Surgery is the standard treatment for hepatocellular carcinoma (HCC), which offers a chance of cure with preservation of liver function [1] and achieves the best outcome (5-year survival rate of 33%-60%) [2] . However, after curative liver resection for HCC, the incidence of recurrence in the remnant liver is as high as 60% within 3 years [3] [4] [5] . Among all cases of recurrence, approximately 90% are intrahepatic recurrences, which contribute to the high mortality rate in patients with HCC [6] [7] [8] [9] . The risk factors for early-phase recurrence of HCC depend on the malignant potential of the tumor, including the presence of microscopic vascular invasion (MVI), serum alpha-fetoprotein (AFP) levels, tumor number, and tumor size [3, 10, 11] . Among these, the presence of MVI is an important risk factor affecting survival throughout the entire postoperative period [12] , and the gross classification of HCC predicts the presence of MVI [13] . Some studies demonstrated that preoperative transarterial chemoembolization (TACE) improved prognosis in select patients, such as those with preserved liver function and advanced-stage HCC [14] [15] [16] [17] . However, according to the 2012 European Association for the Study of the Liver (EASL) and European Organization for Research and Treatment of Cancer clinical practice guidelines, neoadjuvant chemoembolization has not proven to improve the outcomes of patients who underwent resection [1] . Additionally, neoadjuvant TACE is associated with the disadvantages of delaying surgery and increasing complications during surgery because of inflammatory pediculitis, perihepatic adhesions, or arterial thrombosis; moreover, if the tumor fails to respond to therapy, it continues to grow and becomes incurable [18, 19] . Moreover, TACE also has the potential to cause adverse effects on liver function. Hepatic arterial infusion chemotherapy (HAIC) may sometimes be chosen as a therapeutic option for advanced HCC because of poor liver function. It allows the direct delivery of high doses of chemotherapeutic agents to the tumor site and reduces the systematic concentration of chemotherapeutic agents to a low level, which may result in a lower incidence of adverse drug reactions and early appearance of the chemotherapeutic effects in the early stage of treatment.
In this retrospective study, we evaluated the safety, feasibility, and surgical complications of neoadjuvant HAIC, and investigated the effect of it on survival without recurrence after resection of the lesion.
METHODS

Patients
Between January 2003 and January 2014, 80 patients underwent hepatic resection for HCC at our hospital. Of these patients, we investigated 49 patients who met the following inclusion criteria: (1) preserved liver function (Child-Pugh A); (2) resectable HCC (≤ 3 nodules, regardless of the size); and (3) HCC with highgrade malignant potential. High-grade malignant potential refers to HCC with MVI. The patients were diagnosed on the basis of fan-shaped portal perfusion defects, which appeared in the periphery of the tumor on computed tomography (CT) scans during arterial portography and showed tumorous arterioportal shunts caused by microscopic portal vascular invasion. In terms of gross appearance, the simple nodular type with extranodular growth or confluent multinodular type predicted the presence of MVI [13, 20] .
Of the 49 patients, 13 patients who were preoperatively diagnosed as having HCC with high-grade malignant potential, between June 2009 to January 2014, were treated with neoadjuvant HAIC (treatment group).
Another 36 patients who met the inclusion criteria, between January 2003 and May 2009, had a curative hepatic resection (control group). This was a retrospective study of HCC patients at Yame General Hospital. The institutional review board approved this study, and written informed consent was obtained from the treatment group. Regarding the control group, the Ethics Committee waived the requirement for ethical approval and informed consent due to the retrospective nature of the study.
Preoperative evaluation
Baseline imaging examinations [CT angiography, dynamic CT, or/and dynamic contrast-enhanced magnetic resonance imaging (MRI)] were performed before surgery. HCC was confirmed when at least 2 radiographic images revealed the hallmarks of HCC or 1 radiographic image revealed the hallmarks of HCC together with AFP levels > 400 ng/mL [1] . HCC staging was performed according to the Barcelona clinic liver cancer (BCLC) staging classification [21, 22] and the 6th edition of the American Joint Committee on Cancer staging system of tumor nodes metastasis. Laboratory blood tests, including tests for hepatitis B surface antigen, hepatitis C virus antibodies, serum AFP, serum des-gamma-carboxyprothrombin (DCP), serum albumin, serum total bilirubin, serum aspartate aminotransferase (AST), serum alanine aminotransferase (ALT), prothrombin time, C-reactive protein, and platelet counts, were performed.
Neoadjuvant hepatic arterial infusion chemotherapy protocol
In the treatment group, a temporary indwelling catheter system [23] was implanted via the left brachial artery under fluoroscopic guidance and was used for HAIC. A polyurethane-covered catheter, called anthron P-U catheter (APUC), 5 Fr (100 cm) (Toray Medical Co., Ltd., Tokyo, Japan) with a tapered tip (5-and 3.3-French outer diameters of the shaft and tip, respectively, and 0.035-/0.021-in inner diameters of the shaft and tip, respectively) was used as the indwelling catheter. This catheter was 100-cm long and tapered to a 3.3-French microcatheter 60 cm from the tip. The tip of the catheter was inserted into the right or left hepatic artery, corresponding to the side on which the main tumor was located, via the celiac artery. In the case of multiple tumors, one or two side holes were manually created with a surgical knife to supply the rest of the tumor with chemotherapeutic agents.
The treatment regimen included low-dose 5-fluorouracil (5-FU) and cisplatin (low-dose FP), specifically, the regimen featured daily administration of cisplatin (10 mg for 30 min) and a subsequent infusion of 5-FU (250 mg for 3 h) on days 1-10. We named this treatment regimen as 2 weeks of low-dose FP. After the administration of chemotherapeutic agents, the catheter was removed under fluoroscopic guidance. No prophylactic antibiotics were administered during the catheter placement.
Laboratory variables were assayed once in several days, and the tumor marker was measured before and after the treatment regimen. HAIC was discontinued or reduced in case of adverse events higher than grade 3/4 of the common terminology criteria for adverse events (CTCAE).
Surgical procedure
Curative liver resection was performed after a mean delay of 24 ± 12 days after catheter removal. A single surgeon performed all surgeries. Anatomic resection was defined as hemihepatectomy, extended hemihepatectomy, sectionectomy, or segmentectomy, and all other non-anatomic resections were classified as partial resections.
To determine the operative outcome, data regarding the operative time, intraoperative blood loss, red blood cell transfusion, complications, type of resection, hospital mortality, and hospital stay were collected for both groups.
Pathologic assessment
Two senior pathologists reviewed each specimen for histologic confirmation of the diagnosis. Clinicopathologic data such as tumor size recorded as the maximum diameter, vascular invasion, intrahepatic metastasis, gross classification, histologic grade, and the degree of liver cirrhosis were collected. The therapeutic effect was classified into 4 categories based on the Japanese breast cancer society criteria [24] .
Follow-up
Laboratory variables such as serum AFP, serum DCP, serum albumin, serum total bilirubin, serum AST, serum ALT, prothrombin time, and C-reactive protein levels and platelet counts were measured for both groups on postoperative days 1, 3, 7, and 30.
After discharge from our hospital, all patients were followed up in the outpatient clinic. Ultrasonography, 4-phase CT, or dynamic contrast-enhanced MRI was performed every 2 to 3 months, and serologic tests such as AFP and DCP measurements were performed at that time. In cases of recurrence, the patients were treated accordingly.
Survival was defined as the time from surgery to death, and disease-free survival (DFS) was defined as the time from surgery to either recurrence or death. Patients who were alive and free of recurrence at the end of follow-up were censored for DFS [22] .
Statistical analysis
Continuous data were presented as the mean ± standard deviation or median and range and were compared using the t-test or Mann-Whitney's U test, respectively. Categorical data were compared using Pearson's χ 2 test or Fisher's exact test, as appropriate.
The Kaplan-Meier method was used to calculate the survival curves, and the log-rank test was used to assess the prognostic predictors of DFS. Variables with P < 0.10 in univariate analysis were included in the multivariate analysis.
Differences were considered significant when the 2-sided P-value was < 0.05. Descriptive statistical analyses were performed using the IBM statistical package for the social sciences, version 20.0 (SPSS, IBM Co., Armonk, NY, USA).
RESULTS
The baseline characteristics of the patients are shown in Table 1 . No significant differences were observed between the 2 groups.
Outcomes and complications associated with neoadjuvant HAIC
In the treatment group, all catheterization procedures were performed without critical complications. The median procedure time for implantation of the system was 80 min (range 43-180 min). The system was successfully implanted and used for treatment in all patients. The median catheter dwell time was 10 days (range 9-13 days). The median time to surgery after catheter removal was 21 days (range 12-34 days). Major complications associated with a temporary indwelling catheter system, such as hematoma, bleeding, hepatic arterial occlusion, dislocation of the catheter, and thrombosis, did not occur. Infection was suspected in 1 patient (7.7%), and fever and flares in the left brachial artery appeared 8 days after the procedure in this patient. The patient's symptoms improved soon after catheter removal, which was 9 days after the chemotherapy [ Table 2 ]. One patient (7.7%) experienced CTCAE grade 2 gastritis. The most common side effects were nausea and loss of appetite; however, these symptoms were mostly CTCAE grade 1/2, and they resolved after chemotherapy was completed.
The mean plasma AFP and DCP levels tended to decrease following neoadjuvant HAIC (415.3 ± 1086 ng/mL and 451.4 ± 892.4 mg/mL, respectively, prior to HAIC vs. 158.8 ± 404.7 ng/mL and 118.0 ± 237.9 mg/mL, respectively, after HAIC; P = 0.468 and P = 0.243, respectively), but the differences were not significant. No liver function impairment and liver failure occurred after HAIC, and all patients underwent hepatectomy as expected [ Table 3 ].
Operative and perioperative outcome
The operative outcomes and perioperative changes in liver function are presented in Tables 4 and 5 . All patients with liver function impairment recovered. No adverse effect on liver function attributable to HAIC occurred after surgery. There was no difference in the operative outcomes of the 2 groups, and no hospital mortality was observed.
Pathologic assessment
The histopathologic findings of the resected livers are shown in Table 6 . The histologic grade for patients in the treatment group after treatment was determined to be grade 0 for 3 patients (23%), grade 1a for 3 patients (23%), grade 1b for 3 patients (23%), grade 2a for 2 patients (15%), grade 2b for 1 patient (8%), and grade 3 for 1 patient (8%). 
Survival
During the follow-up period, 2 (15.4%) patients in the treatment group and 25 (69.4%) patients in the control group experienced recurrence. The pattern of initial recurrence in the treatment group revealed that 1 patient each had intrahepatic recurrence and simultaneous intrahepatic and extrahepatic recurrence (multiple bone metastases).
The 1-, 3-, and 5-year DFS rates were 100%, 78.6%, and 78.6%, respectively, for the treatment group and 65.8%, 33.7%, and 26.6%, respectively, for the control group. The DFS rates were significantly better in the treatment group than in the control group (P = 0.003) [ Figure 1 ]. The 1-, 3-, and 5-year overall survival (OS) rates were 100%, 100%, and 100%, respectively, for the treatment group and 91.7%, 77.8%, and 55.3%, respectively for the control group, respectively. The OS rates were significantly better in the treatment group than in the control group (P = 0.037) [ Figure 2 ].
The results of univariate analyses of the predictors of DFS are shown in Table 7 . Using factors identified as significantly associated with DFS, multivariate analyses revealed that neoadjuvant HAIC [P = 0.039, hazard ratio (HR) = 0.215; 95% confidential interval (CI) = 0.050-0.928], age (P = 0.017, HR = 0.374; 95% CI = 0.166-0.842), and tumor number (P < 0.001, HR = 7.731; 95% CI = 2.474-14.161) were independent predictors of DFS [ Table 7 ].
DISCUSSION
The present study evaluated the effect of neoadjuvant HAIC for patients who had HCC with high malignant potential. In the treatment group, the tumor marker levels decreased after chemotherapy, and the 5-year DFS and OS rates after surgery were improved significantly.
In this study, we administered short-term HAIC using a temporary indwelling catheter system. Almost all previous reports about neoadjuvant chemotherapy for HCC revealed that lesions were scheduled for TACE and that related complications such as liver function impairment or surgical delay sometimes made resectable tumors unresectable. HAIC is considered to cause fewer liver function complications than TACE [25] [26] [27] [28] . In fact, this study illustrated that liver function was not adversely affected by neoadjuvant HAIC. The regimen selected for this study was 2 weeks of low-dose FP. Ishikawa et al. [29, 30] first reported that HAIC with cisplatin before radical local treatment (radiofrequency ablation/percutaneous ethanol injection therapy) for early-stage HCC prevented intrahepatic metastasis and prolonged the survival time. According to some clinical studies, the efficacy of low-dose FP is better than that of cisplatin alone [28] . Ueshima et al. [31] reported that HAIC using low-dose FP (continuous arterial infusion of 5-FU and cisplatin for the first 2 weeks followed by a single dose of cisplatin and 5-FU once a week) is an effective treatment for locally advanced HCC. In our experience, almost all HAIC responders exhibited a decrease in tumor marker ratios in the early stage of treatment; thus, we believe 2 weeks of low-dose FP was sufficient to observe the effect of chemotherapy. HAIC-related liver toxicity is caused by complications associated with catheter placement, such as catheter dislocation, hepatic artery occlusion and stenosis, and infection. The 2-week regimen enabled us to use a temporary indwelling catheter system, and after the administration of chemotherapy, the catheter system was removed easily under fluoroscopic guidance. In this study, the complication rate related to the temporary indwelling catheter system was also low.
Our data demonstrated the definitive improvements of DFS and OS after HAIC. There are two predicted reasons for this effect: (1) prevention of tumor cell dissemination during surgery, and (2) effectiveness in eradicating undetectable intrahepatic metastases. Concerning adjuvant HAIC, 2 non-randomized control trials reported that adjuvant HAIC after hepatic resection for HCC with macroscopic vascular invasion might reduce the risk of recurrence [32, 33] . However, among patients with Vp2 or invasion of the main trunk of the hepatic vein (Vv2), the 3-year DFS and OS rates were not significantly different between the 2 groups [33] . Dislodging of tumor cells during surgery is considered one of the main causes of postoperative intrahepatic metastasis [34, 35] ; thus, neoadjuvant HAIC is theoretically effective for preventing tumor cells from dislodging and disseminating into the portal venous stream.
In the present study, complete necrosis (grade 3) was observed in 1 patient, and a shift from a viable tumor lesion to necrosis (grade 1a, 1b, 2a or 2b) was noted in 9 patients. Even when a pathomorphologic therapeutic effect did not appear in the main tumor, the effect of the chemotherapeutic agent might contribute to the suppression of cellular motility and invasiveness, facilitating the eradication of undetected intrahepatic metastases.
Multivariate analysis revealed that neoadjuvant HAIC was one of the independent favorable prognostic factors for DFS. However, there are several limitations to this study. First, our study was retrospective in nature and some biases may be present, including selection biases leading to the overestimation of the apparent importance of preoperative HAIC. Second, the sample seize was still small (n = 13). Although we think that effective adjuvant therapy in addition to preoperative HAIC is crucial for further improved prognosis, we could not show the sufficient efficacy of adjuvant chemotherapy. Further prospective multicenter trials are required to establish the effectiveness of neoadjuvant HAIC for the treatment of HCC.
In conclusion, neoadjuvant HAIC for patients with HCC with a high-grade malignant phenotype decreases the risk of recurrence and improves survival without serious complications. However, a prospective randomized study is required to confirm our findings.
